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Objective: To investigate the characteristics and prognostic factors in the elderly patients with COVID-19.
Methods: Consecutive cases over 60 years old with COVID-19 in Renmin Hospital of Wuhan University
from Jan 1 to Feb 6, 2020 were included. The primary outcomes were death and survival till March 5.
Data of demographics, clinical features, comorbidities, laboratory tests and complications were collected
and compared for different outcomes. Cox regression was performed for prognostic factors.
Results: 339 patients with COVID-19 (aged 7148 years,173 females (51%)) were enrolled, including 80
(23.6%) critical, 159 severe (46.9%) and 100 moderate (29.5%) cases. Common comorbidities were hyper-
tension (40.8%), diabetes (16.0%) and cardiovascular disease (15.7%). Common symptoms included fever
(92.0%), cough (53.0%), dyspnea (40.8%) and fatigue (39.9%). Lymphocytopenia was a common labora-
tory finding (63.2%). Common complications included bacterial infection (42.8%), liver enzyme abnormal-
ities (28.7%) and acute respiratory distress syndrome (21.0%). Till Mar 5, 2020, 91 cases were discharged
(26.8%), 183 cases stayed in hospital (54.0%) and 65 cases (19.2%) were dead. Shorter length of stay was
found for the dead compared with the survivors (5 (3-8) vs. 28 (26-29), P < 0.001). Symptoms of dysp-
nea (HR 2.35, P=0.001), comorbidities including cardiovascular disease (HR 1.86, P=0.031) and chronic
obstructive pulmonary disease (HR 2.24, P=0.023), and acute respiratory distress syndrome (HR 29.33,
P < 0.001) were strong predictors of death. And a high level of lymphocytes was predictive of better
outcome (HRO0.10, P < 0.001).
Conclusions: High proportion of severe to critical cases and high fatality rate were observed in the elderly
COVID-19 patients. Rapid disease progress was noted in the dead with a median survival time of 5 days
after admission. Dyspnea, lymphocytopenia, comorbidities including cardiovascular disease and chronic
obstructive pulmonary disease, and acute respiratory distress syndrome were predictive of poor outcome.
Close monitoring and timely treatment should be performed for the elderly patients at high risk.

© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Prognosis

14.8% CRF in patients over 80 years, 8.0% CRF in patients aged 70-
79 years and 3.6% CRF in patients aged 60-69 years.> The pro-
portion of deaths over 60 years old accounts for 81% of the to-
tal deaths in the national wide, which implicates aged people are

Introduction

Corona Virus Disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infections oc-

curred in Wuhan in December 2019.! Till March 5, 2020, the SARS-
CoV-2 infected 80,565 patients and caused 3015 deaths in China.
Based on early statistical data of china, the case-fatality rate (CRF)
in the patients over 60 years old is much higher than overall CRF,
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more vulnerable to the SARS-CoV-2.

Till present there are rare reports in literature focusing on
the clinical characteristics of the elderly patients with COVID-
19, and the risk factors for poor outcomes remains to be eluci-
dated. The present study aims to describe the clinical character-
istics and to investigate the prognostic factors of the elderly pa-
tients with COVID-19, which might provide evidence for the risk
stratification and help to improve the clinical practice and reduce
fatality.

0163-4453/© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
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Patients and methods
Study design and participants

The study complied with the edicts of the Declaration of
Helsinki and was approved by the Ethics Committee of Renmin
Hospital of Wuhan University (No. WDRY2020-K032). Written in-
formed consent was waived by the same committee. In this ret-
rospective, single-center study, we included all confirmed cases of
COVID-19 over 60 years old admitted from Jan 1 to Feb 6 at iso-
lation ward of Renmin Hospital of Wuhan University in Wuhan,
China. This is a designated hospital capable of receiving severe
COVID-19 patients. All enrolled patients were diagnosed accord-
ing to Interim guidance for novel coronavirus pneumonia pub-
lished by National Health Commission of the People’s Republic
of China.? According to the report of the WHO-China Joint Mis-
sion on COVID-19,* patients with COVID-19 were divided into mild
(laboratory confirmed, without pneumonia), moderate (laboratory
confirmed and with pneumonia), severe (dyspnea, respiratory fre-
quency >30/minute, blood oxygen saturation <93%, PaO2/FiO2 ra-
tio <300, and/or lung infiltrates >50% of the lung field within
24-48 h) and critical (respiratory failure requiring mechanical
ventilation, shock or other organ failure that requires intensive
care).

Procedures

SARS-CoV-2 nucleic acid was detected in all patients by
real-time PCR to confirm the virus infection. Chest X-ray and/or
computed tomography were performed for the diagnosis of pneu-
monia. Patients’ medical records were carefully reviewed and
analyzed by three trained physicians. Patient data including de-
mographics, comorbidities, signs and symptoms, laboratory results
and complications were obtained. Patient history were collected
for comorbidities including hypertension, diabetes, cardiovascular
disease, cerebrovascular disease, chronic kidney disease, chronic
liver disease, chronic obstructive pulmonary disease (COPD),
malignancy and autoimmune diseases.

The occurrence of complications was confirmed by three physi-
cians according to the following criteria. Acute kidney injury was
identified according to the Kidney Disease: Improving Global Out-
comes of Definition.” Cardiac injury was defined if the serum level
of cardiac troponin I (cTnl) was above the 99th percentile upper
reference limit. ARDS was defined according to the Berlin defini-
tion.® Arrhythmia was defined as emerging premature beat, tachy-
cardia, atrial fibrillation, ventricular fibrillation and clinically sig-
nificant bradycardia according to electrocardiography or medical
records, transient sinus tachycardia associated with fever was ex-
cluded. Cardiac insufficiency was defined when the serum level of
NT-pro BNP exceeded the normal range and the presence of asso-
ciated symptoms, such as dyspnea, orthopnea and edema of lower
extremity. The interval from symptom onset to admission and the
length of stay were also recorded.

Outcomes

The primary outcomes were survival and death till March
5, 4 weeks from the last admission. Patients cured were dis-
charged when the symptoms improved significantly, with no
fever for at least three days, obvious absorption of inflamma-
tion in pulmonary imaging, and negative results for at least
two consecutive tests of SARS-CoV-2 nucleic acid. Patients who
didn’t meet the discharge standard continued hospitalization for
treatment and observation. The patients discharged or stayed in
hospital till the end date of follow-up were classified into survival
group.

Statistical analysis

Basic statistical analyses were performed using SPSS version
17.0. The normality of continuous variables was tested using
the Kolmogorov-Smirnov test. Hypothesis testing was performed
for comparing continuous and categorical variables in different
outcome groups using Mann-Whitney U test and Chi-squared test
respectively. The clinical and laboratory variables, which differed
significantly under comparative statistics, were included in a
univariate Cox analysis (proportional hazards regression) using
R language v3.5.2 with packages “survival” and “survminer”. The
models used in the univariate analysis were tested by Likelihood
ratio test, Wald test and Score (log-rank) test. Multivariate Cox
regressions were subsequently performed for comorbidities and
complications, in which the “Age” factor was added to correct the
models and only variables with statistical significance in univariate
analysis were included. All significance levels were computed for
2-tailed testing and the cutoff of significance was set at P < 0.05.

Results
Demographics and baseline clinical characteristics

Of 339 patients identified, the mean age was 71 years, and 173
were female (51%). As presented in Table 1, 60.7% of the patients
had comorbidities, while 23.9% had two or more comorbidities.
Common comorbidities included hypertension (138 cases, 40.8%),
diabetes (54 cases, 16.0%) and cardiovascular disease (48 cases,
14.2%). The most common symptom was fever, which occurred in
311 (92%) patients. Symptoms such as cough (179 cases, 53.0%),
dyspnea (138 cases, 40.8%) and fatigue (135 cases, 39.9%) were also
prevalent in those patients. Till Mar 5, 2020, 91 cases were dis-
charged (26.8%), 183 cases (54.0%) stayed in hospital and 65 cases
(19.2%) were dead. The median duration of hospital stays for the
discharged was 21 days (interquartile range, 15-26). The patients
discharged or stayed in hospital till the end date of follow-up were
classified into survival group. Compared with the survival subjects,
there were fewer women in the dead group and the dead patients
were significantly older. Comorbidities including hypertension, car-
diovascular disease, cerebrovascular disease, and COPD were more
prevalent in the dead group. It should be noted that there were
more patients complaining of dyspnea in the dead group (38/65 vs.
100/274, p < 0.001). In addition, fever and headache were less
common in patients who died. Considering the vital signs, signif-
icant higher respiration rates were found in the dead group, in
comparison to the survived.

Laboratory findings

Of the included 339 patients, lymphocytopenia was found in
211 cases (63.2%). The counts of CD4* and CD8* cells were all
decreased compared with normal values. The comparisons of
laboratory findings between the survival and dead group were
shown in Table 2. When compared with the survival group,
the count of neutrophils was significantly increased, while the
counts of lymphocyte, monocyte and platelet were decreased.
The counts of CD4* and CD8* T cells, which play important role
in antiviral immunity,”® were all significantly decreased in the
dead group. The prothrombin time was significantly prolonged,
and the concentration of p-dimer was evidently increased in the
dead group. The alanine aminotransferase, an important indice for
liver function, showed no evident difference between survival and
death. At the same time, serum urea and creatinine levels were
observed to be higher in the dead group. In addition, the markers
for myocardial injury, inflammation, and bacterial infections were
all increased significantly in the dead group.



Table 1
Demographic data and baseline clinical characteristics.
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Characteristics Total (n=339) Survival (n=274) Dead (n=65) P value (Dead vs. Survival)
Age, median (IQR), y 69 (65-76) 68 (64-74) 76 (70-83) <0.001
Female gender 173 (51.0) 147 (53.6) 26 (40.0) 0.048
Comorbidities
Hypertension 138 (40.8) 106 (38.8) 32 (50.0) 0.031
Diabetes 54 (16.0) 43 (15.8) 11 (17.2) 0.116
Cardiovascular disease 53 (15.7) 32 (11.7) 21 (32.8) <0.001
Cerebrovascular disease 21 (6.2) 11 (4.0) 10 (15.6) <0.001
Chronic kidney disease 13 (3.8) 9 (3.3) 4 (6.3) 0.066
Chronic liver disease 2 (0.6) 1(0.4) 1(1.6) 0.065
COPD 21 (6.2) 10 (3.7) 11 (17.2) <0.001
Malignancy 15 (4.4) 12 (44) 3 (4.7) 0.12
Autoimmune disease 5(1.5) 4 (1.5) 1(1.6) 0.121
Symptoms
Fever 311 (92.0) 255 (93.4) 56 (87.5) 0.041
Dry cough 179 (53.0) 149 (54.6) 30 (46.9) 0.068
Expectoration 93 (27.5) 76 (27.8) 17 (26.6) 0.119
Fatigue 135 (39.9) 109 (39.9) 26 (40.6) 0.12
Anorexia 94 (27.8) 79 (28.9) 15 (23.4) 0.083
Myalgia 16 (4.7) 15 (5.5) 1(1.6) 0.05
Dyspnea 138 (40.8) 100 (36.6) 38 (59.4) <0.001
Pharyngalgia 13 (3.9) 10 (3.7) 3 (4.7) 0.112
Diarrhea 43 (12.7) 35 (12.8) 8 12.5) 0.121
Nausea 13 (3.8) 12 (4.4) 1(1.6) 0.07
Chest tightness 88 (26.0) 73 (26.7) 15 (23.4) 0.105
Dizziness 13 (3.8) 11 (4.0) 2(3.1) 0.114
Headache 12 (3.5) 12 (4.4) 0 (0.0) 0.029
Vital signs
Heart rate, median (IQR), (bpm) 82 (77-91) 82 (76-90) 84 (78-101) 0.063
SBP, median (IQR), (mmHg) 130 (119-142) 130 (120-140) 130 (114-152)  0.519
DBP, median (IQR), (mmHg) 76 (70-83) 76 (70-82) 76 (65-90) 0.938
Respiration rate, median (IQR), (times per min) 20 (18-21) 20 (18-20) 21 (18-30) <0.001

Continuous variables were expressed as median (interquartile range) and categorical variables were expressed as number (percentage). COPD,

chronic obstructive pulmonary disease; DBP, diastolic blood pressure; IQR, interquartile range; SBP, systolic blood pressure.

Table 2

Laboratory findings of patients with different outcomes.
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Laboratory tests

Normal Range

Total (N=339)

Survival (n=274)

Dead (n=65)

P value (Dead vs. Survival)

Blood Routine
White blood cell count, x 10°/L
Neutrophil count, x 10°/L
Lymphocyte count, x 109/L
Monocyte count, x 10°/L
Hemoglobin concentration, g/L
Platelet count, x 109/L

Blood Coagulation
Prothrombin time, s
Activated partial thromboplastin time, s
D-dimer, mg/L

Blood Biochemistry
Alanine aminotransferase, U/L
Aspartate aminotransferase, U/L
Urea, mmol/L
Creatinine, pumol/L
Creatine kinase, U/L
Lactate dehydrogenase, U/L

Myocardial Injury Markers
Creatine kinase-MB, ng/mL
Hypersensitive troponin I, ng/mL

Inflammatory Markers
C-reactive protein, mg/L
Interleukin-6, pg/mL

Cellular immunity
CD4+ cell count, /pl
CD8+ cell count, [ul

Bacterial Infection Marker
Procalcitonin, ng/mL

3.5-9.5
1.8-6.3
1.1-3.2
0.1-0.6
130-175
125-350

9-13
25-313
0-0.55

9-50
15-40
3.6-9.5
57-111
50-300
120-250

404-1612
220-1129

<0.1

5.74 (4.37-8.29)
4.43 (2.76-6.62)
0.90 (0.59-1.29)
0.42 (0.28-0.59)
121 (109-130)
205 (151-259)

12.1 (11.6-12.7)
28.5 (26.2-31.3)
1.20 (0.62-3.25)

27 (17-44)

32 (23-46)
5.5 (4.0-8.0)
61 (50-76)

63 (40-104)
301 (224-429)

1.26 (0.85-2.36)
0.010 (0.006-0.030)

49.6 (18.5-93.2)
10.9 (5.2-25.4)

314 (190-484)
179 (85-286)

0.08 (0.04-0.17)

5.54 (4.29-7.64)
4,01 (2.63-5.97)
0.97 (0.68-1.37)
0.43 (0.30-0.62)
121 (110-129)
211 (159-268)

12.0 (11.6-12.6)
28.3 (25.6-31.2)
1.08 (0.52-2.05)

28 (17-43)

29 (22-43)

5.1 (3.9-7.0)
60 (49-71)

60 (40-97)
286 (220-355)

1.15 (0.81-1.91)
0.007 (0.006-0.018)

442 (13.5-82.2)
10.5 (4.9-18.8)

349 (217-516)
204 (97-298)

0.06 (0.04-0.13)

8.61 (5.27-13.25)
7.65 (4.35-11.74)
0.57 (0.39-0.84)
0.32 (0.22-0.49)
122 (106-137)
172 (103-219)

12.9 (11.9-14.1)
29.1 (27.4-31.8)
438 (1.32-17.01)

24 (19-49)

43 (30-68)
8.9 (6.0-14.2)
80 (55-114)
84 (50-222)
439 (360-643)

2.95 (1.30-4.30)

0.073 (0.023-0.336)

102.0 (58.9-187.4)
93.8 (35.9-182.3)

191 (107-282)
73 (42-160)

0.22 (0.11-1.13)

<0.001
<0.001
<0.001
0.007
0.434
<0.001

<0.001
0.072
<0.001

0.83
<0.001
<0.001
<0.001
0.005
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001

The variables were expressed as median (interquartile range) and compared using Mann-Whitney U test.
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Table 3
Spectrum of disease and complications.
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Total (n=339)  Survival (n=274) Dead (n=65) P value (Dead vs. Survival)

Spectrum of Disease

Moderate 100 (29.5) 99 (36.1) 1(1.5) <0.001

Severe 159 (46.9) 155 (56.6) 4 (6.2)

Critical 80 (23.6) 20 (7.3) 60 (92.3)
Complications

Bacterial Infection 143 (42.8) 94 (34.4) 49 (81.7) <0.001

AKI 27 (8.1) 11 (4.0) 17 (28.3) <0.001

ARDS 71 (21.0) 15 (5.5) 56 (87.5) <0.001

Liver Enzyme Abnormalities 96 (28.7) 74 27.1) 22 (36.7) <0.001

Acute cardiac injury 70 (21.0) 31(11.4) 39 (65.0) <0.001

Arrhythmia 35 (10.4) 22 (8.1) 13 (20.6) <0.001

Cardiac insufficiency 58 (17.4) 33 (12.1) 25 (42.4) <0.001

Shock 8 (2.4) 5(1.8) 3 (4.7) 0.049

The variables were expressed as number (percentage) and compared with Chi-squared test. AKI, acute kidney injury; ARDS,

acute respiratory distress syndrome.

Table 4
Duration of disease onset to admission and hospital stays.

Total (N=339)  Survival (N=274) Dead (N=65) P value (Dead vs. Survival)
Symptom onset to admission, median (IQR), days 10 (7-14) 10 (7-13) 10 (7-14) 0.532
Hospital stay, median (IQR), days 28 (15-28) 28 (26-29) 5 (3-8) <0.001

The variables were expressed as median (IQR) and compared using Mann-Whitney U test. IQR, interquartile range.

Spectrum of disease and complications

Renmin Hospital of Wuhan University is a designated hospital
for severe COVID-2019 patients. As described in Table 3, in the
present study, 70.5% of the enrolled patients are classified as se-
vere or critical. Almost all of the dead patients were critically ill
(92.3%), only four severe patients died till the end of follow-up.
Only one death was found in moderate cases, which was due to
sudden cardiac death.

During hospital stay, bacterial infection was found in 143 cases
(42.8%), liver enzyme abnormalities were observed in 96 cases
(28.7%), and acute respiratory distress syndrome (ARDS) occurred
in 71 (21.0%) patients. 70 patients had acute cardiac injuries
(21.0%). The incidences of all the complications were significantly
higher in the dead group in comparison to the survivors.

The duration of onset-to-admission and hospital stays

The interval time from symptom onset to admission was
recorded for each patient (Table 4). There was no significant dif-
ference between the survival and dead group. Given that the final
length of hospital stays for the patients remained in hospital was
unknown, the duration for those patients was calculated from ad-
mission to the end date of follow-up. The results showed that the
length of hospital stay was dramatically shorter for the dead pa-
tients. The median duration of hospitalization was only 5 days in
the dead group, which was significantly shorter than that in the
survival group (5 (3-8) vs. 28 (26-29), P < 0.001).

Prognostic factors of the elderly COVID-19 patients

Univariate Cox regression was used to analyze the risk factors
for fatal outcomes in the elderly patients with COVID-19 (Fig. 1),
the hazard ratio (HR) and 95% confidence interval (CI) were shown
in the columns right to the chart. Older age was shown to in-
crease the likelihood of death even in elderly patients (HR 1.08, CI
1.06-1.11, P < 0.001). Symptoms of dyspnea (HR 2.35, CI 1.43-3.87,
P=0.001) and comorbidities including cardiovascular disease (HR
2.87, CI 1.70-4.83, P < 0.001), cerebrovascular disease (HR 3.26, CI
1.66-6.40, P=0.001) and COPD (HR 3.72, CI 1.94-7.13, P < 0.001)
were all predictive of fatal outcomes. Complications including

acute cardiac injury, arrhythmia, acute kidney injury (AKI), ARDS,
cardiac insufficiency and bacterial infection were all predictors of
death. The models used in the univariate analysis were tested by
Likelihood ratio test, Wald test and Score (log-rank) test and all the
three methods supported the significance of the models. Then the
“Age” factor was added to correct the models for the multi-factor
regressions of comorbidities and complications (Fig. 2). In the
multi-factor analysis, only cardiovascular disease (HR 1.86, CI 1.06-
3.26, P=0.031), COPD (HR 2.24, CI 1.12-4.50, P=0.023) and ARDS
(HR 29.33, CI 12.37-69.58, P < 0.001) remained to be the predic-
tors for death when other factors in the model kept constant, while
the contributions of other factors were no longer significant in the
model. Among the vital signs, increased heart rate and respiration
rate could increase the likelihood of fatal outcomes. For the labora-
tory tests, white blood cell count (HR 1.16, CI 1.14-1.20, P < 0.001)
and prothrombin time (HR 1.17, CI 113-1.24, P < 0.001) were
shown to increase the risk of death, and a low level of lymphocytes
was a strong predictor of poor outcome (HR 0.10, CI 0.04-0.22, P <
0.001). Significances were also found in other factors such as pro-
calcitonin and hypersensitive troponin I. However, for those factors
the HR was around 1.0, which limited their values as predictors.

Discussion

In the present study, we described the clinical characteristics of
elderly COVID-19 patients who were faced with the highest risk of
death after SARS-CoV-2 infection. And we investigated the prog-
nostic factors of COVID-19 based on at least 4 weeks of follow-up.
SARS-CoV-2 caused a much more severe pneumonia in the aged
people than younger patients. Of the 339 elderly COVID-19 patients
included, over 70% were severe or critical, and the case fatality rate
was 19%. Fast progress of disease was found in the dead with a me-
dian survival time of 5 days after admission. Several factors were
found to be predictors for poor outcomes, such as symptom of
dyspnea, comorbidities like cardiovascular disease and COPD, and
complications like ARDS. It should be noted that once ARDS oc-
curred, the probability of death would increase dramatically. On
the other side, increased lymphocyte count was predictive of bet-
ter outcomes.
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Lower Upper Significa
Factors Chart HR 95% 9%?% p-value gnce
Age 1.084 1055 1.114 <0.001 ***
Gender —— 0612 0.373 1006 0.053
Fever i 0.552 0.263 1.159 0.116
Dyspnea —— 2350 1.426 3.873 0.001 **
Hypertension - 1494 0915 2438 0109
Diabetes —— 1.088 0568 2.084 0.799
Cardiovascular disease == 2865 1.700 4.829 <0.001 ***
Cerebrovascular disease —— 3258 1.658 6402 0.001 **
COPD == 3722 1943 7.130 <0.001 ***
CKD —H—— 1730 0.628 4765 0.289
Chronic liver disease == 2.902 0402 20943 0.291
Malignancy ] 0982 0308 3132 0976
Autoimmune disease - Hb- P 1.097 0.152 7.909 0.927
Shock H—— 2417 0758 7.704 0136
Acute cardiac injury - 9.148 5374 15573 <0.001 ***
Arrhythmia —— 2363 1.283 4.350 0006 *
AKI - 5.870 3.304 10430 <0.001 ***
ARDS —— 50.721 24.003 107.177 <0.001 ***
Cardiac insufficiency - 4126 2460 6.921 <0.001 ***
Liver Enzyme Abnormalities H— 1469 0.869 2484 0.151
Bacterial Infection == 7.016 3651 13482 <0.001 **
Heart rate 1.027 1.012 1.043 0.001 **
Systolic blood pressure 1.010 099 1.024 0.151
Diastolic blood pressure 1.009 0986 1.031 0.456
Respiration rate i) 1.165 1.127 1.204 <0.001 ***
White blood cell count " 1155 1.108 1.204 <0.001 ***
Neutrophil count 1.038 1.020 1.056 <0.001 ***
Lymphocyte count F—— 0.097 0.043 0216 <0.001 ***
Monocyte count P 0.331 0107 1.024 0.055
Hemoglobin concentration 1.003 0988 1.017 0.732
Platelet count 0993 0.990 0.996 <0.001 ***
C reactive protein 1.014 1.010 1.018 <0.001 ™*
CD4+ cell count 0994 0992 0996 <0.001 ***
CD8+ cell count 0.993 0989 0996 <0.001 ***
Prothrombin time i 1170 1.101 1.244 <0.001 ***
APTT 1.008 0975 1.043 0622
D-dimer 1.016 1.009 1.022 <0.001 ***
Hypersensitive troponin | 1.065 1.029 1.102 <0.001 ™*
Lactate dehydrogenase ' 1.002 1.001 1.002 <0.001 **
Alanine aminotransferase 1.002 0996 1.008 0.455
Aspartate aminotransferase 1.009 1.004 1.013 <0.001 ***
Urea g 1.070 1.051 1.088 <0.001 ***
Creatinine 1.001 1000 1.002 0.006 **
Procalcitonin i 1105 1.054 1159 <0.001 **
[ T 1 Hllﬂf T TTTTI T 1
0.01 0.1 1 50 100

Fig. 1. Univariate Cox regression for prognostic factors.

Univariate Cox regression analysis of risk factors associated with fatality. AKI, acute kidney injury; APTT, activated partial thromboplastin time; ARDS, acute respiratory
distress syndrome; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; HR, hazard ratio. **P < 0.01, **P < 0.001.

The distinct features of COVID-19 in these included elderly pa-
tients were evidently increased severity and fatality. The reported
proportion of severe-to-critical patients in the whole population
was 18.5% and the case-fatality rate was 2.3%,° significantly lower
than the present study. As Renmin Hospital of Wuhan University
was a designated hospital for severe COVID-19 patients, the pro-
portion of severe and critical patients and fatality rate might be
different from other centers. In the 65 dead cases 92.3% were criti-
cally ill. The only one death in moderate cases was caused by sud-
den cardiac death. As indicated by the short length of stay (me-
dian, 5 days) for the dead, the disease progressed considerably fast

for those patients. The most common symptoms at admission were
fever, cough, dyspnea and fatigue, which was consistent with the
general symptoms of viral infection and pneumonia. Dyspnea was
more prevalent in the dead patients. In consistence, the respiration
rate at admission was significantly higher in the dead group com-
pared with survival group. The incidence of comorbidities was rel-
atively higher in the elderly COVID-19 patients compared with the
whole population.’ The most common comorbidities were hyper-
tension, diabetes, cardiovascular disease and cerebrovascular dis-
ease. The median heart rate, blood pressure and respiration rate
were in the normal range at admission both in survival and dead
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Fig. 2. Multivariate Cox regression for prognostic factors.

Multivariate Cox regressions were performed for comorbidities (A) and complications (B), in which the “Age” factor was added to correct the models. AKI, acute kidney
injury; ARDS, acute respiratory distress syndrome; COPD, chronic obstructive pulmonary disease; HR, hazard ratio. *P < 0.05, ***P < 0.001.

group, indicating that the vital signs of most patients were stable
at admission. Common complications during hospitalization were
bacterial infection, liver enzyme abnormalities, ARDS and acute
cardiac injury.

Significant differences were found in laboratory findings be-
tween the dead and survivors. Generally, evident decrease of lym-
phocytes was observed in the dead group. Specifically, the count
of CD4* and CD8* lymphocytes were both significantly reduced
in the dead group, indicating the suppressed cellular immunity in
these patients. At the same time, more severe inflammatory reac-
tions might exist in the dead cases as represented by significant
increase of inflammatory markers. In addition, more frequent coag-
ulation disorders, myocardial injuries and bacterial infections were
found in the dead group compared to the survival group, as re-
vealed by the related markers. Compared with the survivors, serum
concentrations of urea and creatinine were higher in the dead, in-
dicating worse renal functions, although the median values were
still within the normal range.

As found by the cox regression, there were several prognostic
factors in the elderly COVID-19 patients. Dyspnea and high res-
piration rates were probably manifestations for impaired respira-
tory function and might reflect the severity of lung lesions caused
by infection or inflammation. The impaired oxygenation caused
by COVID-19 brings great challenge to the cardiopulmonary func-
tion, especially for the elderly. Comorbidities such as cardiovascu-
lar disease and COPD could greatly increase the vulnerability of el-
derly patients when faced with this disease. It is reasonable that
these factors could predict poor outcomes. ARDS, the fundamen-
tal pathophysiology of severe viral pneumonia, could be a marker
of rapid progress of the disease. Once ARDS occurred, the 28-day
mortality would be near 50%.'° Consistent with that, in the present
study, the occurrence of ARDS was an extremely strong predictor
of fatal outcomes, which could increase the probability of death by
a factor of 29.3. In laboratory tests, lymphocytopenia were found
in around 60% of the overall patients and in 81.5% of the dead pa-
tients, which was similar with previous studies on SARS.! It has
been reported that lymphocytes could be killed by coronavirus due
to the damage of the cytoplasmic components or apoptosis.'?:13
The degree of lymphocytopenia might reveal either the severity

of virus invasion or the condition of the antiviral immunity, thus
could predict the outcome.

According to the above, patients’ conditions on admission in-
cluding dyspnea, comorbidities of cardiovascular disease and COPD,
lymphocytopenia, and ARDS during hospitalization, could predict
the risk of death. These factors should be considered for risk strati-
fication. We have found that COVID-19 progressed rapidly for some
severe or critical patients. Therefore, for the elderly patients the
risk factors should be taken into consideration. For those at high
risk, close monitoring and timely treatment might be very impor-
tant and could help to improve the outcome.

Limitations

This study has several limitations. As Renmin Hospital of
Wuhan University was a designated hospital for severe COVID-19
patients, the proportion of severe and critical patients and fatal-
ity rate might be different from the whole infected population. In
addition, as a retrospective study on a severe disease, some rele-
vant data such as interleukin-6 were incomplete and could not be
included in the risk factor analysis.

Conclusions

High proportion of severe to critical cases and high fatality
rate were observed in the elderly patients with COVID-19. Rapid
progress of disease was noted in the dead patients with a median
survival time of 5 days after admission. Patients’ conditions on ad-
mission such as dyspnea, lymphocytopenia, cardiovascular disease
and COPD, and the occurrence of ARDS during hospitalization were
predictive of fatal outcome. Close monitoring and timely treatment
should be performed for the elderly patients at high risk.
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